Abstract. Rice husk has a high silica content, so it can be utilized as silica source for zeolite synthesis. In this research, synthesis of zeolite L has been done using silica from rice husk ash without organic template. The synthesized zeolite L is then used as an adsorbent to adsorb methylene blue dye. The steps of zeolite L synthesis include: silica extraction from rice husk ash using NaOH and zeolite L synthesis using hydrothermal method with molar ratio 10 SiO2: Al2O3: 4 K2O: 100 H2O at 170°C for 24 hours. The resulting Zeolite L was then characterized by XRD and SEM. The absorption capacity of methylene blue solution by zeolite L was observed experimentally through the effect of pH of the solution, contact time, and initial concentration of the solution, then determining the isotherm and its absorption kinetics. From XRD and SEM results of zeolite L sample, it is shown that zeolite L has been formed and its particle morphology is a hollow cylinder with cylinder diameter of 0.049 -0.123 µm. The adsorption process refers to the Freundlich isotherm model which provides the highest correlation coefficient. The methylene blue adsorption process by zeolite L follows pseudo second-order kinetics.
Introduction
In recent years the industry is growing rapidly around the world, including in Indonesia. The negative impacts resulting from the industry are the appearance of a variety of pollutants that pollute nature, both in water, land and air. One of them is the dye waste from the textile industry. Pollutants from this industry contaminate many water sources. One of the attempts made to solve this problem is by adsorption. The adsorption process has been known as an effective method for reducing dyestuff from wastewater and is easy to handle [1] . Adsorbents are widely used because they are environmentally friendly and require a relatively low cost.
One of the most widely used adsorbents is the type of zeolite. Zeolites have molecular scale pores with sizes ranged from 3 Å to 15 Å which are suitable for adsorbing dyestuffs. The zeolite framework is composed of tetrahedral units [SiO4] 4-and [AlO4] 5- with an oxygen atom as a link between silicon and aluminum atoms that are combined in three dimensional structure [2] . There has been much research done to synthesize zeolites. It usually takes an organic template to obtain zeolite [3] . However, the use of organic templates has several disadvantages, including its toxicity, high production costs and environmental pollutions caused by the thermal decomposition of organic templates [4] . Therefore, many zeolite synthesis methods are developed without using organic template.
Typically, the silica source used for zeolite synthesis is obtained from TEOS (tetraethyl orthosilicate) [3] . But the use of TEOS is considered less economical. Several studies have used a variety of plants as an alternative source of silica, one of which is rice husks [5] . Rice husk is a waste of paddy mill that is still not utilized maximally. The silica content in rice husk ranged from 93-96% [6] . The high silica content is the solution for the synthesis of zeolites. In addition, it is also expected to increase the selling value of rice husks. To extract the silica, a combustion is done to produce rice husk ash [7] .
Several studies in the synthesis of zeolites with silica source from rice husk ash have been successfully performed. Among them are the synthesis of zeolite NaA at room temperature without the use of organic template [8] , ZSM-5 zeolite synthesis without using organic template [9] , zeolite synthesis of nano-sized particles in room temperature [10] , and zeolite synthesis using hydrothermal method [11, 12] .
In this study, silica from rice husk ash was used to synthesize zeolite L. Zeolite L also known as LTL zeolite (Linde Type L) is an environmentally friendly zeolite. The structure of zeolite L crystals was discovered by Barrer and Villager [13] . Zeolite L has one dimentional pore of about 0.71 nm, with a Si/Al ratio typically 0.48, 1.24, 1.07. Zeolite L has a framework structure consisting of cancrinite (CAN) with MATEC Web of Conferences 197, 05002 (2018) https://doi.org/10.1051/matecconf/201819705002 AASEC 2018 a hexagonal prism (d6R) and forming a cylindrical crystal [14] . This research aimed to utilize rice husk ash for zeolite L synthesis and to investigate the synthesized zeolite L absorption kinetics toward methylene blue dye.
Methodology
All reagents used were analytical grade (except rice husk) and immediately used without further purification. The rice husks were separated from impurities, cleaned with distilled water, filtered and then immersed in 1 N HCl solution for 8 hours. The rice husk was then washed with HCl and aquades solution until the filtrate reached neutral pH, air-dried and combusted at 700 ºC for 6 hours to obtain rice husk ash. 10 grams of rice husks were dissolved in 60 ml of distilled water and adjusted to pH 1 using 1 N HCl. The solution was stirred for 2 hours then filtered. The residue was washed with distilled water and redissolved in 1 N NaOH then filtered. The filtrate was rinsed using hot water then cooled and neutralized to pH 7 using HCl. The solution was then set for 18 hours in a polypropylene bottle until gel was formed. 100 ml of distilled water was added to the polypropylene bottle and then centrifuged at 2500 rpm for 15 min, the supernatant was removed and the washing process was repeated, then dried at 80 ºC until xerogel was obtained then calcined at 700 ºC for 1 hour to produce silica. XRF characterization was performed to see the content of the silica.
The synthesis of zeolite L was done by hydrothermal method. The optimal Al2O3 / SiO2 ratio for the synthesis of zeolite L was calculated based on the silica content / composition from X-ray fluorescence (XRF) characterization. The molar ratio of SiO2 : Al2O3 : K2O : H2O used was 10 : 1 : 4 : 100. The silicate and aluminate solutions were prepared respectively by mixing silica with KOH and Al(OH)3 with KOH solution. The two solutions were mixed, then heated in an autoclave at 170°C for 24 hours. The precipitate formed was washed with DM water, then heated at 80°C for 12 hours, until dry zeolite L powder was formed. Furthermore, zeolite L was characterized using XRD, SEM, and FT-IR.
In adsorption capacity test of zeolite L on methylene blue, it is determined the suitable adsorption kinetics, i.e., the first pseudo-first rate or second-order pseudorate. A suitable adsorption mechanism was also established, i.e., Langmuir isotherm model, Freundlich, Temkin, or Dubinin-Radukevisch. For the determination, an adsorption test was effected by pH, contact time, and concentration. Into 6 glasses of chemicals were added 20 mL of methylene blue dye solution with concentration of 100 ppm, then adjusted its pH using 0.1 N HCl solution with variations of pH 3, 5, 7, 9, 11 and 13. A total of 0, 0100 g zeolite L was added to each solution, then stirred using a rotator shaker at 150 rpm for 30 minutes. The solution was then centrifuged at 2500 rpm for 2 hours, the concentration of non-adsorbed dye by zeolite L was analyzed using UV-Vis spectrophotometer at maximum wavelength of 664 nm. The determination of the optimum contact time was carried out in a similar way for 100 ppm blue methylene, pH 11, with varying stirring times of 60, 90, 120, 150, 180, 210 and 240 min. The determination of optimum methylene blue concentration was performed by a similar procedure at pH 11, contact time 90 minutes, with concentration variations of 10, 30, 50 and 70 ppm.
The concentration of the dye in the solution and the weight of the adsorbed dye was calculated and the graph of the adsorption capacity of the dyestuff concentration was made. The amount of dye adsorbed from the solution is expressed as a heavy dyestuff adsorption capacity per zeolite L unit by the equation [15, 16] 
Results and discussions

Silica and Zeolite L Characteristics
The XRF characterization result of extracted silica is presented in Table 1 . The content of silica extracted from rice husk ash is 81.71% with Na2O impurity content of 5.73%, and Cl content of 4.95%. In addition, there is also LOI (loss of ignition) of 7.35%. The presence of impurities, although calcined at a temperature of 700°C, is due to the washing process of silica during the extraction process that needs to be repeated a couple of more times, where the sodium (Na) is derived from the addition of NaOH to obtain sodium silicate Na2SiO3 in the silica extraction process from rice husk ash. The Na element contained in the Na2SiO3 solution should be lost during the addition of HCl. It is intended to obtain pure silica in the process of forming silica gel from acidification of Na2SiO3 solution. In addition, the amount of LOI content is caused by incomplete combustion process.
XRD analysis is done to confirm the formation and crystallinity of zeolite L. The result of XRD analysis in Figure 1 shows the identification of zeolite L shown by circle marked peaks. The observation of some high intensity diffraction peaks for the zeolite L crystal structure compared to the JCPDS (Joint Committee on Powder Diffraction Standard) literature can be seen in Table 2 . Compared with the JCPDS database it can be stated that the zeolite L structure has been formed, but there are still some impurity peaks caused by less homogeneous stirring when mixing the silicate and aluminate solution. FTIR analysis on zeolite L before and after methylene blue adsorption is performed to prove the presence of a functional group binding between zeolite L and methylene blue dye. FTIR spectrum of zeolite L before and after absorption can be seen in figure 2.
Fig. 2. FTIR spectrum of zeolite L before (top) and after adsorption (bottom).
The IR absorption of zeolite L before adsorption at wave number of 3525.88 cm -1 is identified as vibration of hydroxy group (-OH) on silanol group (Si-OH), and there is no wave number shift after zeolite L adsorbs methylene blue dyestuff, the wave number value is still 3525.88 cm -1 , but there is a change of absorption intensity, where the absorbance intensity percentage of silanol is decreased after zeolite L adsorbs blue methylene dyestuff. At the wave number of 1062.78 cm -1 before adsorption and 1097.50 cm -1 after adsorption show the vibration of Si-O group of siloxane group (Si-O-Si). The adsorption of blue methylene dyestuff by zeolite L is a physical adsorption (fisisorpsi), since there is no new absorption peak that shows the presence of a bond between the groups present in the methylene blue dye and the zeolite L.
SEM analysis on zeolite L before and after adsorption of methylene blue dye is done to determine the size and morphology of the zeolite crystal surface as methylene blue dye adsorbent. Figure 3 shows the result of SEM characterization of zeolite L before and after adsorption. From Figure 3 it can be concluded that the morphological form of the zeolite L particles is a hollow cylinder, where in Figure 3 (a) is zeolite L before adsorption, there are still cavities between particles of zeolite L, whereas in Figure 3 (b) which is the morphology of zeolite L after adsorption, the previously hollow cavities between particles of zeolite L, are covered by a methylene blue dye. The picture is illustrated in Figure 3 shows that the cavities between zeolite L particles are covered by a methylene blue dye.
MATEC Web of Conferences
197, 05002 (2018) https://doi.org/10.1051/matecconf/201819705002 AASEC 2018
Adsorption Kinetics
The rate of adsorption order is determined by the rate law of pseudo first-and second-order. The measurement of the adsorption rate constant for the methylene blue adsorption by zeolite L, determined from the equation of the pseudo first-order rate law is given by the Lagegren and Svenska equation [17] :
where qe and qt represent the amount of adsorbed blue methylene (mg.g -1 ) at equilibrium and time t (min) respectively, and k1 is the adsorption rate constant (g.mg -
1
.min -1 ). The data of methylene blue dyestuff adsorption by zeolite L at various times are evaluated to obtain suitable kinetics for the adsorption system. The pseudo first-order rate curve of the above equation, ln (qe -qt), versus t is shown in Figure 4 (a) . The linear regression of this curve gives a value (R 2 ) of 0.91. The pseudo second-order kinetic model is expressed by following equation [18] :
The parameters of qe (mg.g -1 ) and k2 (g.mg -1 .min -1 ) are calculated from the t / qt versus t plot, with h = k2.qe 2 (mg.g -1 .min -1 ) is the initial rate of absorption at t → 0 [18] . The t / qt versus t plot from the above equation shown in Figure 4 (b) with linearity value (R 2 = 0.994).
From the curve linearity value, it can be concluded that the kinetics of methylene blue dye adsorption by zeolite L refers to the pseudo second-order rate. Where the value of R 2 at the pseudo second-order rate has the best linearity of 0.994. The obtained rate constant of methylene blue adsorption is -0.041 g mg -1 s -1 . In addition, at the pseudo second-order adsorption rate the qe value from the calculation approaches the qe value of the experimental result of 1.6613 and 1.9028 respectively. The sorption rate constant for the pseudo second-order kinetic model has a small value, characterizing small activity energy on the mechanism of methylene blue sorption by zeolite L. The small activity energy characterizes that the sorption mechanism occurs by fisisorption. This is similar with the adsorption of the blue methylene dyestuff that has been conducted by previous researchers [19] [20] [21] , generally the methylene blue adsorption kinetics by zeolite L refers to the pseudo second-order rate.
Isothermal adsorption types can be used to study the adsorption mechanism of blue methylene dyestuff using zeolite L at 298 K. The adsorption capacity of zeolite L to blue methylene dyestuff can be studied by its isotherm type. In this study, comparative studies of kinetics is done with different types of isotherms, i.e., Langmuir isotherm, Freundlich isotherm, Temkin isotherm and Dubinin-Radukevisch isotherm. The linear equations of the four types of adsorption isotherms can be seen in Table 3 and their adsorption isotherm curves can be seen in Fig. 5 . From the fourth linear curve of the adsorption isotherm it is seen that the highest linearity is achieved by the Freundlich isotherm model with R 2 = 0.981. Therefore, the blue methylene adsorption model of zeolite L follows Freundlich's isotherm adsorption model. Freundlich isotherm is an isotherm equation which illustrates that the surface of the adsorbent is heterogeneous with a non uniform adsorption energy distribution across the entire surface of the adsorbent. The linear form of the Freundlich equation can be expressed as [22] : (4) where qe is the adsorption capacity at equilibrium (mg.g -1 ) and Ce is the concentration of methylene blue dye (mgL -1 ), n is the heterogeneity factor and K shows Figure 5 (b) .
The values of n and K are calculated from the slope and intercept of the linear plot of log qe versus log Ce and from that data can be obtained the adsorption intensity value n = 2.2936 (n < 10) and the relative adsorption capacity K = 1,406 mg / g. This predicts that this adsorption occurs in a reversible manner with the surface of the adsorbent being heterogeneous. 
Conclusion
The silica extracted from rice husk ash was obtained with SiO2 content of 81.71%. The XRD and SEM results show that zeolite L has been formed with a cylindrical morphology of 0.049-0.123 μ m in diameter. The adsorption of methylene blue by zeolite L occurs physically by following the rate law of pseudo secondorder kinetics. While the adsorption mechanism corresponds to the Freundlich isotherm model in which the surface of the adsorbent is heterogeneous and the adsorption occurs reversibly.
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